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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make a battery thin by setting a coefficient of cubic 
expansion (the volume ratio of lithium ion storing time to lithium ion release time) of a 
negative electrode body larger than a positive electrode body, and setting a thickness of 
the negative electrode body not more than half the thickness of the positive electrode 
body with discharge time as a reference. 

SOLUTION: In a lithium secondary battery, while a positive electrode body desirably 
includes lithium containing oxide of one metal selected from a group composed of cobalt, 
manganese and nickel, a negative electrode body includes one selected from among a 
group composed of tin oxide, silicon oxide, lithium transition metal composite nitride and 
a silicon/carbon complex, and includes a silicon/carbon composite baking body obtained 
by heat-treating silicon or the compound in the presence of an organic material or a 
carbon material, and the negative electrode body is a sintered body having a thickness of 
20 to 500 jum or a paint film body which has a thickness of 20 to 150 fim. Thus, 
storing/releasing quantity of a lithium ion and a superior cycle characteristic in the same 
as the conventional cases can be obtained, while thinning the battery. 



LEGAL STATUS 

[Date of request for examination] 08.02.2000 
[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 



[Patent number] 
[Date of registration] 



3291260 
22.03.2002 



[Number of appeal against examiner's 
decision of rejection] 
[Date of requesting appeal against 
examiner's decision of rejection] 
[Date of extinction of right] 



CLAIMS 



[Claim(s)] 

[Claim 1] The lithium secondary battery characterized by for the coefficient of cubical 
expansion (volume ratio with the time of lithium ion occlusion and lithium ion emission) 
of said negative-electrode object to have been larger than said positive-electrode object, 
and to make thickness of this negative-electrode object below one half of the thickness of 
this positive-electrode object on the basis of the time of discharge in the lithium 
secondary battery which arranges a negative-electrode object and a positive-electrode 
object through an ionic conduction layer, carries out the laminating of this, or winds it, 
and it comes to seal in a container. 

[Claim 2] The lithium secondary battery according to claim 1 with which said negative- 
electrode object contains one chosen from the group which consists of ZUZU oxide, 
silicon oxide, a lithium transition-metals compound nitride, and silicon / carbon 
composite while said positive-electrode object contains the lithium content oxide of one 
metal chosen from the group which consists of cobalt, manganese, and nickel. 
[Claim 3] The lithium secondary battery according to claim 2 with which said negative- 
electrode object contains the silicon / carbon compound baking object which heat-treats 
silicon or its compound under existence of an organic material or a carbon material, and 
is obtained. 

[Claim 4] The lithium secondary battery according to claim 1 said whose negative- 
electrode object is a sintering object with a thickness of 20-500 micrometers or a paint 
film object with a thickness of 20-150 micrometers. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of a thin lithium secondary 

battery. 

[0002] 

[Description of the Prior Art] Since a lithium secondary battery can attain the highest 
energy density in an existing rechargeable battery, it is most expected as what fills the 
request of the formation of a rechargeable battery high energy consistency accompanying 
the formation of small lightweight of a portable electronic device, and thin shape-ization 
is advanced. 

[0003] As a negative-electrode object ingredient of a lithium secondary battery, carbon 
materials, such as a graphite in which current, and the occlusion and emission of a 
lithium ion are possible, are used most widely, the electromotive force at the time of the 
lithium content transition-metals oxide which can emit [ occlusion and ] a lithium ion 
being used generally as a positive-electrode ingredient on the other hand, and considering 
as a cell especially -- large ~ high energy - a consistency - the cobalt acid lithium [- 
izing / the lithium ] is used most widely. To per unit volume, since occlusion and the 



amount of lithium ions to emit were almost equivalent, in the conventional lithium 
secondary battery, the thickness of a negative-electrode object and a positive-electrode 
object of the carbon material which is a negative-electrode object, and the lithium content 
transition-metals oxide which is a positive-electrode object was almost equivalent. 
[0004] 

[Problem(s) to be Solved by the Invention] The great portion of thickness of a lithium 
secondary battery is occupied with the positive-electrode object and the negative- 
electrode object. Therefore, although it is most effective for the formation of a lithium 
secondary battery thin shape to decrease the thickness of an electrode object, it is 
necessary to increase the lithium ion occlusion and the burst size per electrode object unit 
volume for that purpose. However, since the lithium content transition-metals oxide 
conventionally used for a positive-electrode object had the theoretically fixed amount of 
the lithium ion which can carry out occlusion during a crystal, the steep increment in the 
amount of lithium ion occlusion was difficult. Moreover, in the crystalline graphite 
system carbon material, the carbon material used as a negative-electrode object also had a 
limitation, and the increment in the amount of lithium ion occlusion was theoretically 
difficult for it in the field where current density is high in the amount of lithium ion 
occlusion also in the pitch system carbon material made amorphous. That is, in the 
above-mentioned conventional rechargeable lithium-ion battery, the fixed limitation was 
in thin shape-ization. 

[0005] However, as a result of examination, by replacing with a carbon material about a 
negative-electrode object, and changing into an ingredient with a bigger coefficient of 
cubical expansion than a positive-electrode object, the steep increment of lithium ion 
occlusion and the burst size was carried out, and many things were understood that 
thickness reduction of an electrode object is possible. For example, the stannic-acid ghost 
(JP,07-263028,A), the silicon oxide (JP,06-325765,A), the lithium transition-metals 
compound nitride (JP,09- 10231 1,A), the silicon / carbon composite (WO 98/No. 24135), 
etc. are reported as such an ingredient, and the lithium ion occlusion and emission of the 
more than twice of a positive electrode are possible for each of these. 
[0006] 

[Means for Solving the Problem] In this invention, in the lithium secondary battery, the 
coefficient of cubical expansion (volume ratio with the time of lithium ion occlusion and 
lithium ion emission) of a negative-electrode object was larger than the positive-electrode 
object, and it found out that thin-shape-izing of a lithium secondary battery was possible 
by making thickness of a negative-electrode object below into one half of the thickness of 
a positive-electrode object on the basis of the time of discharge. 
[0007] 

[Embodiment of the Invention] This invention uses an ingredient with a big coefficient of 
cubical expansion as a negative-electrode object as compared with a positive-electrode 
object ingredient, and makes it the thickness below one half of a positive-electrode object 
on the basis of the time of discharge. This negative-electrode object and a positive- 
electrode object are arranged through an ionic conduction layer, the laminating of this is 
carried out, or it is wound, it seals in a container, and a thin lithium secondary battery is 
offered. 

[0008] Common lithium ion occlusion and emission ingredient can be used for the 
positive-electrode object ingredient of this invention, for example, the lithium content 



oxide of transition metals and the metal acid lithium which makes cobalt, nickel, or 
manganese a metallic element preferably can be used for it. 

[0009] On the other hand, as compared with a positive-electrode object, an ingredient 
with a high coefficient of cubical expansion can be used for a negative-electrode object 
ingredient, for example, a stannic-acid ghost, silicon oxide, a lithium transition-metals 
compound nitride, silicon / carbon composite, etc. can be used for it. A coefficient of 
cubical expansion is a volume ratio with the time of lithium ion charge and discharge. 
These negative-electrode object ingredients show a bigger coefficient of cubical 
expansion than a positive-electrode object. For example, a stannic-acid ghost, silicon 
oxide, a lithium transition-metals compound nitride, silicon / carbon composite, etc. show 
about 140 - 200% of coefficient of cubical expansion to the coefficient of cubical 
expansion of the cobalt acid lithium which is the most common positive-electrode object 
being about 103%. 

[0010] By using an ingredient with the big coefficient of cubical expansion 
accompanying lithium ion charge and discharge,. it becomes possible to increase the 
lithium ion occlusion and the burst size per unit volume of a negative-electrode object, 
and to perform thin shape-ization of a negative electrode. Compared with a positive- 
electrode object ingredient, occlusion and emission of a twice [ per unit volume / more 
than ] as many lithium ion as this are all possible for the above-mentioned negative- 
electrode object ingredient. 

[001 1] Therefore, the lithium secondary battery of this invention can maintain a capacity 
equivalent to the conventional cell, i.e., the occlusion and the burst size of a 
conventionally equivalent lithium ion, thin-shape-izing a cell by carrying out to below 
one half of the thick bean paste of the negative-electrode object which was 
conventionally equivalent to the positive-electrode object. 

[0012] In addition, making thickness of a negative-electrode object below into one half of 
a positive-electrode object has important semantics in the formation of a cell thin shape, 
and coincidence also in the viewpoint which acquires a good cycle property. Although it 
originates in the cubical expansion and contraction of the positive-electrode object at the 
time of lithium ion occlusion and emission, and a negative-electrode object and the 
thickness of the whole cell changes, change of the whole cell thickness can cause cycle 
property degradation. For example, although a lithium secondary battery consists of the 
layered product of the separator which generally contains a positive-electrode charge 
collector, a positive-electrode object, and nonaqueous electrolyte or a polyelectrolyte, a 
negative-electrode object, and a negative-electrode charge collector, and two or more 
sheets of this layered product pile it up, or it is wound about and it is sealed in containers, 
such as a sheathing can, the electric contact between this layered product each class is 
maintained with the pressure from a sheathing can in many cases. Therefore, when the 
thickness of a cell increases by expansion of an electrode object, the big pressure from a 
sheathing can is applied to the above-mentioned layered product, and there is a possibility 
of causing the short circuit between positive-electrode object-negative-electrode objects. 
On the other hand, since the pressure concerning the above-mentioned layered product 
decreases and it becomes inadequate electric contacting between layered product each 
class when the thickness of a cell decreases by contraction of an electrode object, there is 
a possibility of causing degradation of the cycle property by the increment in cell internal 
resistance. Therefore, thickness change of the whole cell increases, so that a ratio [ as 



opposed to the positive-electrode object thickness of the thickness of a negative-electrode 
object in the coefficient of cubical expansion of a negative-electrode object ] is high, 
when big compared with a positive-electrode object, and a cycle property deteriorates. 
That is, in this invention, making thickness of a negative-electrode object below into one 
half of a positive-electrode object has the effectiveness which controls degradation of a 
cell cycle property at the same time it thin-shape-izes a cell. 

[0013] Moreover, although a negative-electrode object needs to have a coefficient of 
cubical expansion higher than a positive-electrode object in order to thin-shape-ize a cell, 
maintaining cell capacity, on the other hand from a viewpoint of a cycle property, it is 
desirable [ an object ] to have the lowest possible coefficient of cubical expansion. 
Among an above-mentioned negative-electrode object ingredient, though occlusion and 
emission of a lithium ion equivalent to other ingredients are possible, since the coefficient 
of cubical expansion is low, silicon / carbon composite, especially the silicon / carbon 
compound baking object that carried out elevated-temperature baking of this are the most 
desirable ingredients. The coefficient of cubical expansion of silicon / carbon compound 
baking object is only about 140% to each of stannic-acid ghosts, silicon oxide, and 
lithium transition-metals compound nitrides showing about 200% of coefficient of 
cubical expansion. 

[0014] Moreover, silicon / carbon compound baking object shows one about 1.5 times the 
first time charge-and-discharge effectiveness of this as compared with a stannic-acid 
ghost and a silicon oxide, and handling [ in / as compared with air and water, and the 
lithium transition-metals compound nitride that reacts easily / a cell production process ] 
is easy for it. That is, silicon / carbon compound baking object is dealt with at the time of 
charge-and-discharge effectiveness and cell manufacture, and it can be said also from an 
easy viewpoint that it is a desirable negative-electrode object ingredient. 
[0015] Silicon / carbon compound baking object is obtained by heat-treating a silicon 
ingredient in a non-oxidizing atmosphere under coexistence of an organic material or a 
carbon material. Although use of a silicon simple substance is desirable, the silicon 
compound which may change with baking to silicon may be used for a silicon ingredient, 
for example, ingredients, such as inorganic silicon compounds, such as silicon oxide, and 
silicone resin, an organic silicon compound, can be used for it. That an organic material 
should just be an ingredient carbonized by heat treatment, although not limited especially, 
urethane resin, phenol resin, polyvinylidene fluoride, etc. are mentioned, for example. To 
a carbon material, all of nongraphitizing carbon, such as graphitizing carbon, such as a 
graphite and a pitch, and glassy carbon, are usable. As for silicon / carbon compound 
baking object, it is desirable for carbonization to fully advance and to include neither a 
silicon dioxide nor silicon carbide substantially, and, for that purpose, it is desirable to 
heat-treat at 400-1500 degrees C under non-oxidizing atmospheres, such as nitrogen-gas- 
atmosphere mind. The processing of less than 400 degrees C of carbonization is 
inadequate, and it is because silicon carbide generates in heat treatment exceeding 1500 
degrees C. 

[0016] By the way, since each of above-mentioned negative-electrode objects and 
positive-electrode object ingredients is fine particles, they really needs to fabricate these 
and needs to form an electrode object. The electrode object forming method is roughly 
classified into a paint film method and the sintering method. A paint film method is the 
approach of adjusting the slurry which carried out solvent distribution of the mixture, 



such as an electrode object ingredient, a binder, and electric conduction material, and 
applying this to the metallic foil used as a charge collector, making carry out solvent 
volatilization, and forming in a paint film object. The sintering method is the approach of 
making a pellet type carry out elevated-temperature sintering, and forming an electrode 
object ingredient in it after pressing, with electric conduction material etc., at a sintering 
object. There is also the approach of carrying out pressing of the paint film object formed 
by the paint film method, and making carry out elevated-temperature sintering and using 
as a sintering object in the sintering method. Generally, the sintering method can form a 
thin electrode about 20 to 40% to the same electric capacity as compared with a paint 
film method. Any of a paint film method and the sintering method may be used for 
formation of the negative-electrode object of this invention, and a positive-electrode 
object, and the combination of an approach of a different kind is sufficient. 
[0017] When forming a negative-electrode object and a positive-electrode object by the 
sintering method, as for positive-electrode object thickness, it is preferably desirable to be 
referred to as 200-400 micrometers 40-1000 micrometers, and, as for negative-electrode 
object thickness, it is preferably desirable to be referred to as 50-150 micrometers 20-500 
micrometers. The suitable value upper limit of electrode object thickness is based on the 
viewpoint which controls the rate of a volume ratio of the configuration member which a 
thickness suitable value minimum does not contribute to charge and discharge based on 
the viewpoint of fall control of the capacity in high current density. 
[0018] It is desirable to set positive-electrode object thickness to 40-300 micrometers, 
and to, set negative-electrode object thickness to 20-150 micrometers on the other hand, 
since it is the same as that of the sintering method when forming a negative-electrode 
object and a positive-electrode object by the paint film method. 

[0019] In addition, the solid polymer electrolyte which made the nonaqueous electrolyte 
which dissolved the lithium compound in the organic solvent, or the organic solvent in 
which dissolution or a lithium compound was dissolved for the lithium compound hold 
can be used for the electrolyte used for the lithium secondary battery of this invention. Its 
all are usable if the above-mentioned organic solvent and a lithium compound are used 
for this kind of cell. 
[0020] 

[Example] Example 1 (production of positive-electrode object) lithium-carbonate powder 
and cobalt carbonate powder were mixed so that it might become a mole ratio 1 : 1 , and 
temporary baking was carried out at 800 degrees C among the atmospheric-air ambient 
atmosphere for 1 hour. Subsequently, this was ground, pressing of the spherical 
polymethylmethacrylate particle of 5 micrometers of mean diameters was mixed and 
carried out, it calcinated at 800 degrees C among the atmospheric-air ambient atmosphere 
for 10 hours, and the positive-electrode object with a diameter [ of 19mm ] and a 
thickness of 0.5mm was acquired. 

[0021] (Production of a negative-electrode object) after calcinating the crystalline 
substance silicon powder (product made from High grade Chemistry) 80 weight section 
with a% [ of purity ] of 99.9, and a mean particle diameter of 1 micrometer, and 1 100 
degrees C of graphite / pitch mixture (mixture [ of the graphite 90 weight section and the 
pitch 10 weight section ], trade name GURAFITON, and Osaka - Formation ~ make) 20 
weight sections under nitrogen-gas-atmosphere mind for 3 hours, it ground and raw 
material powder was obtained. The raw material powder 90 weight section and the n- 



methyl-2-pyrrolidone solution (14 % of the weight) 70 weight section of polyvinylidene 
fluoride were mixed, it considered as the shape of a paste, and the part was stuck by 
pressure and dried by the pressure of 100g/m2 after applying to the sheet made from 
polyethylene terephthalate. This was started to the disk type with a diameter of 19mm, it 
calcinated at 800 degrees C under nitrogen-gas-atmosphere mind for 3 hours, and the 
negative-electrode object with a thickness of 0.2mm was acquired. 
[0022] (Production of a coin mold cell) The laminating of the acquired positive-electrode 
object and the two negative polar bodies each was carried out so that it might become 
' electric parallel connection with the aluminium foil which is a positive-electrode charge 
collector, the copper foil which is a negative-electrode charge collector, and a separator, 
and it contained with the sheathing can made from stainless steel, and the coin mold cell 
with a thickness of 1.8mm was produced. In addition, what carried out 1 mol/1 dissolution 
of the 6 phosphorus-fluoride lithium was used for the mixed solvent (volume ratio 1 :1) of 
ethylene carbonate and dimethyl carbonate at the electrolytic solution. 
[0023] (Evaluation of a coin mold cell) Charge and discharge were repeatedly performed 
among 4.1 V-2.5v, and the variation and discharge capacity of cell thickness 
accompanying charge and discharge were measured. The variation of cell thickness is a 
ratio to thickness at the time of discharge termination of the thickness variation at the 
time of charge and discharge, and it considered as the average of 10 cycle at first. The 
variation of cell thickness was about 5%, and the discharge capacity after 30 cycles was 
about 85% of first time discharge capacity. 

[0024] If the thickness of an example 2 positive-electrode object and a negative-electrode 
object and laminating number of sheets were removed, the coin mold cell was produced 
by the same approach as an example 1. Thickness of 0.3mm and a negative-electrode 
object was set to 0.1mm for the thickness of a positive-electrode object, the laminating of 
a positive-electrode object and the four negative polar bodies each was carried out, and 
the coin mold cell with a thickness of 3mm was produced. The variation of cell thickness 
was about 7%, and the discharge capacity after 30 cycles was about 90% of first time 
discharge capacity. 

[0025] If the thickness of the example positive-electrode object of a comparison and a 
negative-electrode object and laminating number of sheets were removed, the coin mold 
cell was produced by the same approach as an example 1 . Thickness of 0.2mm and a 
negative-electrode object was set to 0.2mm for the thickness of a positive-electrode 
object, the laminating of a positive-electrode object and the four negative polar bodies 
each was carried out, and the coin mold cell with a thickness of 3mm was produced. The 
variation of cell thickness was about 14%, and the discharge capacity after 30 cycles was 
about 70% of first time discharge capacity. 

[0026] Examples 1 and 2 produce a thin cell for the thickness of a negative-electrode 
object as below one half of the thickness of a positive-electrode object, and show the 
comparatively good cycle property. On the other hand, in the thickness of a negative- 
electrode object, the example of a comparison is producing the thin cell as a thickness 
EQC of a positive-electrode object, and the cycle property is inferior in it to examples 1 
and 2. From the variation of cell thickness having been twice [ more than ] the examples 
1 and 2, the example of a comparison is considered that the cycle property deteriorated 
for the increment in the contact resistance between the charge collector-electrode objects 
resulting from thickness change of the cell accompanying charge and discharge. 



[0027] 

[Effect of the Invention] Since this invention is constituted as explained above, it enables 
thin shape-ization of a lithium secondary battery, securing electric capacity. 



